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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL MEMORANDUM X-344

BASIC PRESSURE MEASUREMENTS ON A 0.0667-SCALE MODEL

OF THE NORTHAMERICANX-15 RESEARCH AIRPLANE

AT TRANSONIC SPEEDS*

By Robert S. Osborne and Virginia C. Stafford

SUMMARY

In order to determine local loadings and interference effects at

transonic speeds, basic pressure measurements have been made on a

O.0667-scale model of an interim configuration of the North American

X-15 research airplane in the Langley 8-foot transonic pressure tunnel

at Mach numbers from 0.60 to 1.18, angles of attack from -20 ° to 20 °,

and angles of sideslip from -5 ° to 5° . The results are presented in

tabular form without analysis.

INTRODUCTION

As part of the wind-tunnel _rogram required for the development of

the North American X-15 research airplane, a O.0667-scale pressure model

of an interim configuration of the X-15 has been tested in the Langley

8-foot transonic pressure tunnel in order to determine local pressures

onthe fuselage-fairing-canopy area and local pressures and interference

effects on the horizontal and vertical tail surfaces at transonic speeds.

Tests of this model at Mach numbers from 2.30 to 4.65 are reported in

reference I. Tests of force models of the configuration are reported

in references 2 to 5.

The X-15 is a rocket-powered research airplane designed for hyper-

sonic speeds at very high altitudes. It employs a 5-percent-thick low-

aspect-ratio trapezoidal wing mounted in the midposition on a fuselage

consisting of a body of revolution with large side fairings. The 45 °

sweptback horizontal tail is all-movable for pitch control and may be

deflected differentially for roll control. The outboard panels of the

*Title, Unclassified.
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upper and lower vertical-tail surfaces may be deflected for directional

control; the inboard panels are fixed and support the speed brakes.

The model was tested at Mach numbers from 0.60 to 1.18, angles of

attack from -20 ° to 20 °, and angies oTsideslip from -5 ° to 5°. Local

pressure coefficients were obtained for the model with the s_eed brakes

open and closed and with vertical-tail deflections from -7.5 _ to 7.5 °.

The results are presented in tabular form without analysis.
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SYMBOLS

exposed span

p_ - p
pressure coefficient,

q

local chord measured parallel to fuselage center line

mean aerodynamic chord

fuselage length

free-streamMach number

free-stream static pressure

local static pressure

free-stream dynamic pressure

Reynolds number

distance from nose of fuselage or from leading edge of airfoil

surface measured parallel to fuselage center line

spanwise distance measured from juncture of airfoil surface

and fuselage or fuselage side fairings

angle of attack of fuselage center llne

angle of sideslip

deflection of horizontal tail, positive when trailing edge is

down
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deflection of upper and lower vertical tail surfaces, positive
when trailing edge is to the left

angular location of fuselage orifices, measuredcounterclock-
wise from bottom of fuselage whenfacing forward

Orifice locations:

C

F

J

canopy

fuselage side fairings

fuselage-canopy Juncture

APPARATUSANDTESTS

Model

The O.0667-scale pressure model of the North American X-15 research
airplane used in this investigation was supplied by the contractor. It
was constructed of stainless steel. Photographs of the model are pre-
sented in figure i, and dimensional details are shownin figure 2 and
table I.

The model closely approximated configuration 3 of the X-15. Dis-
tinguishing features of this configuration as comparedto earlier con-
figurations include an increased fuselage diameter, shortened fuselage
side fairings, increased leading-edge radii on wing and horizontal tail,
a larger vertical tail having lO° full-wedge airfoil sections and with
the total exposed area distributed 55 percent above the fuselage and
45percent below, and reduced speed-brake area. Unlike configuration 3,
however, the wing of the configuration tested had not been movedforward
3.6 inches (full scale), the horizontal tail had not been movedrearward
5.4 inches (full scale), and there were no landing skids. The contractor's
code designation of the model tested was B2W2X4H3VusJu2VL7JL2.

The horizontal tail was fixed at a deflection angle of 0° for these
tests, whereas the speed brakes and the outer panels of the upper and
lower vertical tail surfaces could be deflected about hinge lines having
0° sweepback.

Tunnel and Model Support

The tests were conducted in the Langley 8-foot transonic pressure
tunnel which is a single-return, rectangular, slotted-throat wind tunnel
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having controls that allow for the independent variation of Mach number_

stagnation pressure, temperature_ and humidity.

The model was attached to a sting support which had a diameter

approximately equal to that of the base of the fuselage. The sting sup-

port was cylindrical for 4.5 base diameters downstream of the model base

and at its downstream end was attached to the larger tunnel support sting

which could be rotated by means of an arc-shaped support strut to obtain

changes in angle of attack. Variations in angle of sideslip were

obtained by insertion of properly angled couplings in the model support

system.

Measurements and Accuracy

Local static pressures were measured by using a total of 205 flush-

mounted orifices distributed over the right half of the model. Meas-

urements on the right wing were limited to one row of orifices on the

upper and lower surfaces and on the right horizontal tail to two rows

of orifices on the upper and lower surfaces. One orifice was located

in the base of the upper vertical tail. Orifice locations are diagrammed

and tabulated in figure 3. Pressure coefficients were determined from

these measurements and are believed to be accurate within ±0.005.

The angle of attack was set to within ±0.i ° and the angle of side-

slip to within ±0.2 ° by means of a pendulum-type attitude indicator and

calibrations of sting deflection with respect to model load. Model

loads were determined from wind-tunnel tests of a nearly identical force

model of the X-15 airplane. Control deflection inaccuracies are unknown

but are believed to be small.

The average test Mach number was determined to within ±0.003 from

a calibration with respect to the pressure in the chamber surrounding

the slotted test section.

Tests

The complete model was tested with the horizontal tail undeflected

and the speed brakes closed for vertical-tail deflections of -7.5 °, 0°,

and 7.5 ° . The model was also tested with the horizontal and vertical

tails undeflected and the speed brakes opened 35°.

The model was tested at Mach numbers from 0.60 to 1.18, angles of

attack from -20 ° to 20 °, and angles of sideslip of -5 °, O°, and 5° . The

tests were conducted at a tunnel stagnation pressure of approximately

i atmosphere_ the average test Reynolds number based on the wing mean
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aerodynamic chord varying from approximately 2.2 X lO 6 to 2.8 x l06 over

the Mach number range. (See fig. 4.) For all tests, boundary-layer

transition strips consisting of No. 120 carborundum grains were installed

along the lO-percent-chord lines of the wing and tail surfaces and at

l0 percent of the body length.

Corrections

Tunnel boundary interference at subsonic speeds is minimized by the

slotted test section_ and no corrections for this interference have been

applied. With respect to supersonic boundary-reflected disturbances_

the effects of reflected compression waves on the pressure distribution

over the model are negligible at a Mach number of 1.03, and the effects

of reflected expansion waves were minimized by testing the model a few

inches off the tunnel center line. (See ref. 6.) At a Mach number of

1.18 the reflected disturbances passed well downstream of the base of

the model.

SUI_W.ARY OF RESULTS

The pressure coefficients for each surface of a 0.0667-scale model

of the X-15 airplane are tabulated as a function of configuration, Mach

number, angle of attack_ and angle of sideslip and are presented in

tables II to VI as follows:

Surface Table

Fuselage ............................ II

Right wing ........................... III

Right horizontal tail ..................... IV

Vertical tails and speed brakes ................ V

Base of upper vertical tail .................. VI

Langley Research Center,

National Aeronautics and Space Administration,

Langley Field, Va._ July 13, 1960.
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TABLE I.- DIMENSIONS OF THE 0.066y-SCALE PRESSURE MODEL OF

THE NORTH AMERICAN X-15 RESEARCH AIRPLANE

Wing:

Airfoil section ........................ Modified NACA 66-005

Total area, sq in ............................ 128.150

Exposed area, sq in ........................... 67.260

Total span, in ............................... 17.898

Exposed span, in ............................. 12.028

Total aspect ratio. .......................... 2.50

Leading-edge sweepback, deg ....................... 36.75

Quarter-chord-line sweepback, deg .................... 29.64

Trailing-edge sweepforward, deg .................... 17.75
Root chord at center line, in .................... _ • 11.932

Exposed root chord, in .......................... 8.801

Tip chord, in .............................. 2.386

Total taper ratio ............................ 0.20

Mean aerodynamic chord based on total area, in .............. 8.220

Longitudinal distance from fuselage nose to _/4, in ........... 23.411

Dihedral, deg .............................. 0

Incidence, deg ............................. 0

Horizontal tail (in plane of surface):

Airfoil section ........................ Modified NACA 66-005

Total area, sq in ............................ 73.850

Exposed area, sq in ........................... 52.710
Total span, in .............................. 14.980

Exposed span, in ............................. 9.068

Exposed aspect ratio .......................... 2.51

Leading-edge sweepback, deg ....................... 50.58

Quarter-chord-line sweepback, deg .................... 45.00

Trailing-edge sweepback, deg ...................... 19.28

Root chord at center llne, in ...................... 8.175

Exposed root chord, in .......................... 5.616

Tip chord, in .............................. 1.686

Exposed taper ratio ........................... 0.30

Mean aerodynamic chord based on exposed area, in ............. 4.002

Hinge line_ percent exposed _ ...................... 37

Longitudinal distance from total wing_/4 to exposed tail _/4j in. . . 11.450

Dihedral, deg .............................. -15.00

Upper vertical tail (exposed panel):

Airfoil section ............................. i0 ° wedge

Area, sq in ............................... 26.075

Span, in ................................. 3.668

Aspect ratio .............................. 0.52

Leading-edge sweepback, deg ....................... 30

Trailing-edge sweepback, deg . ..................... 0
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TABLE I.- DIMENSIONS OF THE O.0667-SCALE PRESSURE MODEL OF

THE NORTH AMERICAN X-15 RESEARCH AIRPLANE - Concluded

Root chord, in .............................. 8.171

Tip chord, in .............................. 6.053

Taper ratio ............................... 0.74

Mean aerodynamic chord, in ........................ 7.15}
Longitudinal distance from total wing _/4 to exposed panel _/4, in .... 9.630

Movable portion -

Area, sq in .............................. 16-945

Span, in ............................... 2.501

Root chord, in ............................. 7.495

Tip chord, in ............................. 6.053

Hinge line, percent exposed panel _ .................. 29

Speed brake (one side) -

Area, sq in .............................. 3.533

Chord, in ............................... 2.560

Average span, in ............................ 1.380

Lower vertical tail (exposed panel):

Airfoil section ............................. i0 ° wedge

Area, sq in ............................... 22.385

Span, in ................................. 3.068

Aspect ratio .............................. 0.42

Leading-edge sweepback, deg ....................... 30

Trailing-edge sweepback, deg ...................... 0

Root chord, in .............................. 8.171

Tip chord, in .............................. 6.420

Taper ratio ............................... 0.79

Mean aerodynamic chord, in ........................ 7.322

Longitudinal distance from total wing _/4 to exposed panel _/4, in .... 9.516

Movable portion -

Area, sq in .............................. 13.220

Span, in ................................ 1.901

Root chord, in ............................. 7.495

Tip chord, in ............................. 6.420

Hinge line, percent exposed panel T .................. 30

Speed brake (one side) -

Area, sq in .............................. 3.533

Chord, in ............................... 2.560

Average span, in ............................ 1.380

Fuselage:

Length, in ................................ 39.353

Maximum depth, in ............................ }.733

Maximum width with side fairings, in ................... 5.867

Fineness ratio without side fairings .................. 10.54

Base diameter, in ............................ }.193
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i00

Upper tail

3/ 431 432 433 434

/421 423 425 427
420/ .....

/ 422 424 426 428

4h 412

413

401

404

450_ 451 452

467

460X461462 463 4_4465 466 °

470\
Lower tall

429

468 °

474

-- 441

-- 454

442

-- 455

443

-- 456

419

600

446

459

445

458

Model b_2 xorifice c
number

401 0.11 0.647

402 .ii .681

403 .ll .698

404 .ll .748

405 .ll .852

406 .ii .949

410 .25 0

hll .25 .200
_Z2 .25 .4oo

415 .25 .600

414 .25 .650

415 .25 .668

416 .25 .685

417 .25 .738

418 .25 .825

419 .25 .947

42O .5o o

421 .50 .loo
422 .50 .20o

423 .50 .300
424 .50 .14430

Model b_2orifice c
number

425 0.50 0.500
426 .50 .600

427 .50 .700
428 .50 :800

429 .50 .900
_3o .83 o

451 .85 .200

432 .85 .400

453 .83 ,6oo
454 .85 .800

441 .Z5 .647

442 .15 .682

443 .15 .700

444 .15 ,748

445 .15 .832

446 .15 .949

45o .30 0

451 .30 .2OO

452 .3o .400

455 .3o .60o

454 .50 .633

Model b_2orifice c
number

455 o. 30 o. 668

456 •30 .686
J_57 • 30 •738

h58 .50 .825
459 .30 •9_7

460 .60 0

461 .60 .ZOO

462 .60 .200

465 .6o .3oo
_64 .60 .400

465 .60 .500
466 .6o .600

467 .60 .700
468 .60 .800

469 .6o .9o0

470 .8o o

471 .8o .20o

472 .8o .4oo

473 .80 .600
474 .80 .8o0

60o .15 Looo

(d) Orifices on right vertical tail including speed brakes.

Figure 3.- Concluded.
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